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BACKGROUND OF THE IhA/ENTION 
Field of the Invention 

5 This invention relates to a process that is useful for polymerizing or copolynr>erizing propylene and more 

particularly concerns a process for producing a homopolymer or copolymer of propylene having increased stiff- 
ness and broadened molecular weight distribution.- 

Discussion of the Prior Art 

10 

Man y homo polymers and copolymers.of.DroDylene have certain properties that are unsatisfactory for-speci- 

fic applications. For example, the stiffness or rigidity of certain homopolymers and copolymers of propylene, 
such as polypropylene and ethylene-propylene copolymers, Is lower than the rigidity of polystyrene or ABS 
restn« and this fact has caused a serious restriction In broadening its application. In particular, biaxially stretched 

IS polypropylene films have inferior stiffness to cellophane and polyester films although they are packaging mate- 
rials having excellent optical properties (such as transparency, luster, etc.) and moisture resistance. As a result, 
polypropylenes are not suitable for use in automatic packaging, especially overlap packaging and twist pack- 
aging, leading to a great limitation on their use. Moreover, even in cases where the polypropylene films can be 
made much thinner from the standpoint of moisture resistance and other properties, it is inevitably necessary 

20 to increase their film thickness to obtain stiffness. This is not only uneconomical but is also an obstacle to the 
miniaturization of electrical components such as dry condensers wherein a polypropylene film is used. 

For example, if the rigidity of a polymer or copolymer of propylene is improved, it b possible to reduce the 
thickness of the resulting molded product formed from IL This Is not only effective for the conservation of resour- 
ces, but also the cooling rate at the time of molding can be increased; hence it is possible to make the molding 

25 rate per unit time faster and thereby improve the productivity in molding and processing. 

Altiiough many polymerization and copolymerization processes and catalyst systems have been des- 
cribed, it is advantageous to tailor a process and catalyst system to obtain a specific set of properties of a result- 
ing polymer or copolymer product. For example, in certain applications a product with a broader molecular 
weight distribution is desirable. Such a product has a lower melt viscosity at high shear nates than a product 

30 with a narrower molecular weight distribution. Many polymer or copolymer fiabrication processes which operate 
with high shear rates, such as injection molding, oriented film, and thermobonded fibers, would benefit with a 
lower viscosity product by improving throughput rates and reducing energy costs. Products with higher stiffness, 
as measured by flexural modulus, are important for Injection molded, extruded, and film products since the fab- 
ricated parts can be down gauged so that less material would be needed to maintain product properties. Also 

35 Important is maintaining high activity and low atactic levels such as measured by hexane soluble and extract- 
able materials fonmed.during polymerization or copolymerization. Thus, it Is highly desirable to develop polyp- 
ropylene having increased rigidity or stiffness and broadened molecular weight distribution. 

For example, Chiba et a!., U.S. Patent No. 4,499,247 disclose a high-rigidity and high-melt-viscoelasticity ^ 
polypropylene for sheets to be post-processed and for blow molding, which polypropylene is produced by sub- 

40 jecting propylene to a multi-stage polymerization into polymer portions of two sections in the presence of a 
specified Ziegler Natta catalyst The catalyst is prepared by reacting an organoaiuminum compound (I) or a 
reaction product (VI) of an organoaiuminum compound (I) with an electron donor (A), with tKanium tetrachloride 
(C); reacting the resulting solid product (II) with an electron donor (A) and an electron acceptor (B); and com- 
- . binlng the resulting solid product (III), a titanium trichloride composition, with an organoaiuminum compound 

45 (IV) and an aromatic carboxylic acid ester (V), so as to give a nv>lar ratio of the aromatic carboxylic acid ester 
(V) to the solid product (111) of 0.1 to 10. The patent states that if a caUlyst contains some other titanium 
trichloride composition instead of the aforesaid solid product (III), the desired beneficial results are not obtained. 
The relationship between the intrinsic viscosities of the polymer portions of the respective sections is regulated 
within a specified range and also the amount ratio of the polymer portions of the respective sections is regulated. 

50 The two polymer portions differ in their molecular weights, and this difference is produced by varying the con- 
centration of hydrogen in the gas phase in the first stage from the concentration of hydrogen in the gas phase 
in the second stage. The aromatic carboxylic acid ester is employed as an external modifier (as described 
hereinbelow) In ttie polymerization in order to elevate the Isotacticity of the resulting polypropylene. The polym- 
erization can be carried out in the slurry or gas phase. Applications of polymers formed by a polymerization 

55 process employing essentially the same catalyst are disclosed in Fujlshlta et al., U.S. Patent No. 4,560,734. 

Chiba et al., U.S. Patent No. 4,500,682, disclose a polypropylene having a superior post-processabiiity and 
blow moldability, which polygropylene is obtained by polymerizing propylene in multiple stages using a catalyst 
comprising a titanium trichloride composition, an organoaluminmum compound and a molecular weight mod- 
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ifier. the resulting final polymer comprising a higher molecular weight portion and a lower molecular weight por- 
tion, and the final polymer consisting of 40 to 60 weight percent of polypropylene portion conresponding to the 
higher molecular weight portion and 60 to 40 weight percent of a polypropylene portion corresponding to the 
lower molecular weight portion. The gas-phase hydrogen concentration Is adjusted from one stage to the next 

5 stage of polymerization in order to effect the production of polypropylene portions having different molecular 
weights In the different stages. The polymerization can be carried out in the slunry, bulk or gas phase. 

Chiba etal., U.S. Patent No. 4,550.144, disclose a propylene-ethylene block copolymer from which molded 
products having high rigidity and superior high impact properties can be prepared, which copolymer is obtained 
by (i) polymerizing propylene in 70 to 95 weight percent based on the total polymerized amount, using a catalyst 

10 obtained by reacting an organoaluminum compound (I) or a reaction product of (I) with an electron donor (A), 
with titanium tetrachloride, further reacting the resulting solid product (II) with (A) and an electron acceptor (B). 
and combining the resulting solid product (III) with an organoaluminum compound (IV) and an aromatic car- 
boxylic acW ester (V), the molar ratio of (V) to (III) being 0.1 to 10.0, and then (li) polymerizing ethylene or 
ethylene and propylene In 30 to 5 weight percent based on the total polymerized amount, in one or more stages, 

15 using the same aforesaid catalyst, the ethylene content being 3 to 20 weight percent based on the total 
polymerized amount In specific examples of two-stage copolymerizations, the hydrogen concentratbn in the 
gas phase differs from one stage to the next stage. The copolymerization can be carried out in the slurry, bulk 
or gas phase. The patent states that if a catalyst containing titanium tetrachloride supported on a carrier such 
as magnesium chloride is employed instead of the aforesaid catalyst in the method disclosed therein, the des- 

20 cribed beneficial results are not obtained. Applications of the resulting copolymers are disclosed in Asakuno 
et al., U.S. Patent No. 4.638,030. 

Chiba et al., U.S. Patent No. 4.582,878, disclose a high-rigidity, whitening-resistant ethylene-propylene 
copolymer, which is obtained by copolymerizing propylene with ethylene In three successh^e stages wherein 
In the respective first, second and third stages, a copolymer fraction having a specified ethylene content Is for- 

25 med in a specified amount based on the total polymerization amount, in the presence of a catalyst obtained 
by reacting an organoaluminum compound (L) or a reaction product thereof with an electron donor (E) with 
titanium tetrachloride; reacting the resulting solid product (I) with an electron donor (E) and an electron acceptor, 
and combining the resulting solid product (It) with an organoaluminum compound (L) and an aromatic carboxylic 
acid ester (R), the molar ratio of (R) to (II) being in the range of 0.1 to 10, and in the presence of hydrogen. 

30 The hydrogen concentration of the gas phase differs from one stage to the next stage of polymercatlon. The 
copolymerization can be carried out In the slunry, bulk or gas phase. The patent states that if a catalyst con- 
taining titanium tetrachloride supported on a carrier such as magnesium chloride is employed instead of the 
aforesaid catalyst In the method disclosed therein, the desired beneficial results are not obtained. 

The use of other catalysts or catalyst components - namely, solid, transition metal-based catalyst com- 

35 ponents for the polymerization or copolymerization of alpha-olefins. including such solid components supported 
on a metal oxide, halide or other salt such as widely-described magnesium-containing, titanium halide-based 
catalyst components — than those described as being useful for the process disclosed in the aforesaid U.S. _ n jCL. 

Patents Nos. 4.499.247; 4,500,682; 4,550.144; and 4,582.878 is well known in the art. Such hydrocarbon-. ^ ^ , 

insoluble, magnesium-containing, titanium-containing catalyst components are described in Hoppin et al:, U.S. 

40 Patent No. 4,829,038, which is incorporated in its entirety herein by reference. Also known is incorporating an 
electron donor compound into the titanium-containing component as an intemal modifier. An olefin polymeri- 
zation system typically comprises a titanium^ontaining compound, an alkytaluminum compound and an elec- 
tron donor external modifier compound. The electron donor external modifier used in combination with the alkyl 
aluminum compound and solid titanium-containing compound Is distinct from the electron donor which may be 

45 Incorporated as an intemal modifier within the titanium-containing compound. Many classes of electron donors 

have been disclosed for possible use as electron donor external modifiers used during polymerization. ^ 

One class of such electron donor compounds is organosilanes. For example in U.S. Patent 4,540,679. v ^ 

organosilanes. especially aromatic silanes, are descrit>ed. Use of organosilanes as cocatalyst modifiers also 
IS described in Published U.K. Application 2,111.066 and U.S. Patents 4,442,276, 4,472.524, 4,478,660. and 

50 4,522.930. Other aliphatic and aromatic silanes used in polymerization catalyst are described in U.S. Patents 
4,420,594, 4.525.555 and 4.565,798. 

Hopp in et al., copending patent application Serial No. 41 0,663, filed September 21 , 1 989. disclose specific 
branched Cj-Cio alkyl-t-butoxydlmethoxysllanes modifiers which not only are used In supported catalysts to 
provide high yield and low atactic produc^, but^ which also produce a polymer with a broader molecular weight 

55 distribution than produced using the organosilane compound selected from the group consisting of dlisobutyl- 
dimethoxysilane dlisopropyldlmethoxysllane, di-t-butyldimethoxysilane and t-butyl-trimethoxysilane. and mixt- 
ures thereof, as descrit)ed in Hoppin etal.. U.S. Patent 4,829,038, which as indicated hereinabove, in Ks entirety 
IS specifically incorporated by reference herein. 
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Arzoumanidis et al.« U.S. Patent No. 4,866.022. discloses a method forforming a particularty advantageous 
alpha-olerin potymerization or copolymerization catalyst or catalyst component that is formed by a process that 
involves a specific sequence of specific Individual process steps such that the resulting catalyst or catalyst conv 
ponent has exceptionally high activity and stereos pecificity combined with very good morphology. A solid hyd- 
5 rocarbon-Jnsoluble, alpha-olefin polymerization or copolymerization catalyst or catalyst component with 
superior activity, stereospecificlty and morphology characteristics Is disclosed as comprising the product for- 
med by 1) fonnntng a solution of a magnesiunrv-containing species from a magnesium hydrocarbyl carbonate or 
magnesium carboxylate; 2} precipitating solid partides from such magnesium-containing solution by treatment 
with a transition metal halide and an organosilane; 3) re precipitating such solid partides from a mixture con- 
to taining a cydic ether; and 4) treating the reprecipitated partides with a transition metal compound and an elec- 

tron'donor.~This~patient'also<ltscloses organosilanes that are useful as reagents in precipitating a solid from a 

soluble magnesium species and that have the formula R„SiRi4^ where n is 0 to 4. R ts hydrogen or an alkyl. 
alkoxy, haloalkyi or aryl radical containing one to about ten cart>on atoms or a halosUyl radical or haloalkylsllyl 
radical containing one to about eight carbon atoms, and Is OR or a halogen. The patent also disdoses that 
IS aliphatic or aromatic sllanes are advantageously employed as electron donor external modifiers and that pre- 
fenred aliphatic silanes Indude Isobutyltrimethoxysilane, diisobutyldlmethoxysilane, diisopropyldimethoxysi- 
lane, dM-butyldimethoxysilane, and t-butyltrimethoxysilane. 

Arzoumanidis et al.. Patent No. 4.540,679, disdose a process for the preparation of an aforesaid mag- 
nesium hydrocarbyl carbonate by reacting a suspension of a magnesium alcoholate in an alcohol with carbon 
20 dioxide and reacting the magnesium hydrocarbyl carbonate with a transition metal component Arzoumankjis 
et al., U.S. Patent No. 4.612.299 disdose a process for the preparation of an aforesaid magnesium cartioxylate 
by reacting a solution of a hydrocarbyl magnesium compound with cart>on dioxide to predpitate a magnesium 
carboxylate and reacting the magnesium carboxylate with a transition metal component 

25 OBJECTS OF THE INVENTION 

It is therefore a general object of the present invention to provkJe a method for the polymerization or 
copolymerization of propylene that affords an improved polymer or copolymer product 

More particularly, it is an object of the present invention to provide a method for the polymerization or 
30 copolymerization of propylene that affords a polymer or copolymer product having increased stiffness and 
broadened molecular weight distribution. 

It is a related object of the present invention to provide an improved catalyst system for the polymerization 
or copolymerization of propylene to afford the aforesakJ polymer or copolymer product having the aforesaW 
improved properties. 

35 Other objects and advantages of the present Invention will become apparent upon reading the following 

detailed description and appended daims. 

SUMMARY OF THE INVENTION 

40 These objects are achieved by the n>ethod of this invention for making a homopolymer of propylene or a 

copolymer of propylene with up to 20 mole percent of ethylene, having increased stiffness and a broadened 
molecular weight distribution, comprising: polymerizing propylene orcopolymerizing a mixture of propylene witii 
up to 20 mole percent of ethylene in the presence of a high activity catalyst system and a silane. and In at least 
two stages, comprising: (a) In one stage producing a homopolymer or copolymer of propylene having a relatively 

45 high weight average molecular weight in the range of from about 350.000 to about 4,000,000 and comprising 
at least about 5 weight percent of the total amount of final homopolymer or copolymer of propylene produced, 
and (b) in another stage, either after or prior to stage (a), produdng a homopolymer or copolymer having a rela- 
tively low molecular weight in the range of from about 50,000 to about 340,000 and comprising at least about 
10 weight percent of the total amount of final homopolymer or copolymer of propylene produced; wherein the 

50 molecular weight of the final homopolymer or copolymer of propylene produced is in the range of from about 
150,000 to about 1 ,500,000 and the M^Mn ratio of the final homopolymer or copolymer of propylene produced 
is at least 6.0; wherein the products fonmed in steps (a) and (b) comprise at least about 50 weight percent of 
the total amount of final homopolymer or copolymer of propylene produced; wherein the aforesakl silane is 
Ri(R2)xSI(OR4)y (ORe)! wherein Ri and R2 are the same or different and are each isopropyl, isobutyl. l-butyl, 

65 Isopentyl, t-pentyl, noopentyl, phenyl, tolyl, naphthyl, or cydoC(R3)2n.i wherein cydoC is a cydobutyl. cyclopen- 
tyl or cydohaxyl cydoaliphatic ring attached to the silicon atom and Rj is a hydrogen or an alkyl group having 
from 1 to 5 carbon atoms and is a substituent to the cydoaliphatic ring and wherein n is 4. 5 or 6 when the 
cydoaliphatic ring is cydobutyl, cydopentyl. or cydohexyl. respectively, wherein R4 and R5 are the same or 
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different and are each methyl, isopropyl. sec- or t-butyl, and wherein y is 1, 2 or 3, z is 0 or 1, y+z is 2 or 3 and , 
X is 3-<y+z); wherein a molecular weight control agent is employed in at least one of stage (a) and stage (b) in 
a sufficient amount that a homopolymer or copolymer of propylene having a molecular weight in the respective 
molecular weight range for such stage is produced; and wherein the aforesaid catalyst system comprises a 
5 supported catalyst comprising a solid hydrocarbon-insoluble composite of a titanium-containing component 
supported on a magnestum-containtng compound and a co-catalyst comprising a Group II or III metal alkyi. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

10 The method of this invention is particulariy effective in the stereospecific polymerization of propylene or 

the CO polymerization of a mixture of at least 80 mole percent of propylene with up to about 20 mole percent 
ethylene. Preferably, the method of this invention is employed for the homopolymerization of propylene. 

According to the invention, a highly crystalline homopolymer of propylene or an aforesaid copolymer of pro- 
pylene and ethylene is prepared by contacting the monomer or mbcture of monomers with the catalyst system 

15 described hereinbelow under polymerization or copolymerization conditions. Such conditions include a polym- 
erization or copolymerization temperature and time, pressure(s) of the monomer(s), avoidance of contamination 
of catalyst, choice of polymerization or copolymerization medium in slurry- or bulk-phase processes, the use 
of a molecular weight control agent or other techniques to control the molecular weights of the homopolymer 
or copolymer produced in each such stage, and other conditions well known to persons of skill in the art. Sluny- 

20 bulk- and gas-phase polymerization or copolymerization processes are contemplated herein. Preferably the 
method of the present invention is performed In the slunry phase or gas phase. 

In the event that the method of this invention is employed for the copolymerization of propylene with 
ethylene, copolymerization could take place In all of the aforesaid stages, or, in the alternative. In only certain 
of the aforesaid stages while honrK)polyn-ierization takes place in the remaining stages. In the latter case« for 

25 example, a homopolymer of propylene could be formed in one of stage (a), or stage (b), and the copolymer of 
ethylene and propylene could be fomrted in the other of stage (a) or stage (b). In the alternative, a homopolymer 
of propylene could t>e fonmed in each of stage (a) and stage (b), and the copolymer of ethylene and propylene 
could be formed in a stage that is performed after stages (a) and (b). Typically in the method of this invention, 
the stages are performed in series with the homopolymer or copolymer fonmed in one stage being introduced 

30 with additional monomer(s) into the next stage in the sequence, but the stages could also be performed in par- 
allel such that the homopolymer or copolymer fonmed in one stage is not introduced into a particular second 
stage but instead is combined with the homopolymer or copolymer fomied in the particular second stage. 

The method of this inventkin is practteed in at least two stages and preferably in two or three stages. Each 
of the at least two stages comprises at least one reactor In which polymerization or copolymerization takes 

35 place. Thus, although the conditions employed in each reactor within a given stage must be within the respective 
ranges for such conditions for such stage, the conditions employed in one reactormaydifferfrom the conditions 
employed in another reactor within the same stage. In a batch operation, all of the stages could be performed 
within a single reactor. In one — stage (a) ~ of the aforesaid at least two stages (a) and (b) and in the presence ^ 
of the catalyst system described hereinbelow and silane described hereinbelow, the polymerization or copolym- 

'40 ertzatk>n is conducted such that an aforesaid homopolymer or copolymer having a relatively high weight aver- 
age molecular weight in the range of from at>out 350.000. preferably from about 600.000. to at>out 4.000,000. 
preferably to about 2.000,000, is produced in an amount of at least 5 -and preferably from atxHJt 10 to about 
70— weight percent of the total amount of the final homopolymer or copolymer of propylene produced by the 
method of tiiis invention. A molecular weight control means may also be employed in this stage in sufficient 

45 amounts under the other polymerization or copolymerization conditions employed such that a homopolymer or 
copolymer haying a weight average molecular weight in the aforesaid range is produced. Any convenient 
molecular weight control means that is conventionally employed in the polymerization or copolymerization of 
alpha-otefins can be employed in the method of this invention. Suitable such nrkolecular weight control agents 
and techniques are well known to those skilled in the art and include hydrogen, diethyl zinc, control of the mono- 

50 mer(s) concentration(s) and polymerizatk>n temperature. Preferably, hydrogen is employed. The levels of the 
molecular weight control agent, such as hydrogen, that are suitat>le for achieving the desired homopolymer or 
copolymer weight average molecular weight are influenced by a number of factors including, for example, the 
specific catalyst the type and amount of silane and metal alkyt cocatalyst. the reactor volume, the amount of 
diluent, the monomer concentration, and the reaction temperature and pressure employed, and can be illus- 

65 trated on the basis of specific examples hereinbelow. 

In another stage — stage (b) — which can be either before or after the above-described stage (a) for the 
production of relatively low weight average molecular weight homopolymer or copolymer — of the aforesaid at 
least two stages (a) and (b) and in the presence of the catalyst system described hereinbelow and silane des- 
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cribed hereinbelow, the potymertzation or copolymerrzation is conducted such thai a homopolymer or 
copolymer having a relatively low weight average molecular weight in the range of from about 50*000, preferably 
from about lOOtOOO, to about 340.000. preferably to about 250.000. is produced in an amount of at least 10 - 
and preferably from about 20 to about 80 - weight percent of the total amount of the final homopolymer or 

5 copolymer of propylene produced by the method of this invention. A molecular weight control means may also 
be employed In this stage in sufTicient amounts under the other conditions of polymerization or copolymerization 
employed such that a homopolymer or copolymer having a weight average molecular weight in the aforesaid 
range is produced. Any convenient molecular weight control means that is conventionally employed in the 
polymerization or copolymerization of afpha-olefins can be employed in the method of this invention. Suitable 

10 such molecular weight control agents and techniques include hydrogen, diethyl zinc, control of the monomer(s) 
concentration(s)~arid*p6lymerizatidrrtemperatur^ 

lar weight control agent, such as hydrogen, that are suitable for achieving the desired homopolymer or 
copolymer weight average molecular weight are Influenced by a number of factors including, for example, the 
specific catalyst the type and amount of silane and metal atkyl cocatalyst, the reactor volume, the amount of 

15 diluent, the monomer concentration and the reaction temperature and pressure employed, and can be illus- 
trated on the basis of specific examples hereinbelow. 

In cases where it is desired to reduce the concentration of hydrogen from one stage to the next stage, this 
reduction can be effected by utilizing a hydrogen scavenger, or by diluting the hydrogen, for example, by adding 
additional propylene but no additional hydrogen, or. only with a slurry- or bulk-phase or a batch gas-phase 

20 polymerization or copolymerization. by venting or purging hydrogen from the gas space in the reactor containing 
the reaction mixture. 

The weight average molecular weight of the final homopolymer or copolymer of propylene produced by 
the method of this Invention is In the range of from about 150.000. preferably from about 200.000. to about 
1.500.000. preferably to about 700.000. The weight average molecular weight distribution — as measured by 

25 gel permeation chromatography and Indicated by the ratio of the weight average molecular weight (M^) to the 
number average molecular weight (M^) — of the final homopolymer or copolymer of propylene produced by the 
method of this invention is at least 6.0. and preferably from about 7 to about 50. 

The amount of the high acth^ty catalyst or catalyst component of the catalyst system employed in the 
method of this invention to be employed varies depending on choice of polymerization or copolymerization tech- 

30 nique. reactor size, the identity and amount of the monomer to t>e polymerized or copolymerized. and other 
factors known to persons of skill in the art. and can be determined on the basis of the examples appearing 
hereinafter. Typically, the high activity catalyst or catalyst component is used in amounts ranging from about 
0.5 to 0.02 milligram of catalyst to gram of total homopolymer or copolymer produced in all of the stages conrv 
blned. 

35 Irrespective of the polymerization or copolymerization process employed, polymerization or copolymeri- 

zation should be carried out at temperatures sufHcientiy high to ensure reasonable polynrterization or copolym- 
erization rates and to avoid unduly long reactor residence times, but not so high as to result in the production 
of unreasonably high levels of stereorandom products due to excessively rapid polymerization orcopolymeri-^ 
zation rates. Generally, temperatures range from about 0**, preferably from about 20"'C. to about 120'*C, pnef- 

40 erably to about 95*^0, from the standpoint of attaining good catalyst perfonmance and high production rates. 
More preferably, polymerization according to this inventton is carried out at temperatures ranging from about 
50*Cto about SO'C. Polymerizatfon of propylene or copolymerization of propylene and an aforesaid alpha-olefin 
comonomer according to this invention is carried out at monomer pressures of about atmospheric or above. 
Generally, monomer pressures range from about 20 to about 600 psl, although in vapor phase polymerizations 

45 or copolymerizations. monomer pressures should not be below the vapor pressure at the polymerization or 
copolymerization temperature of propylene or the alpha-olefin comonomer to be copolymerized. 

The total polymerization or copolymerization time for all of the stages combined in the method of this inven- 
tion generally range from about 0.5 to several hours in batch processes with corresponding average residence 
times in continuous proceses. Total polymerization or cop>olymerization times for all of the stages combined 

50 ranging from about 1 to about 8 hours are typical in autoclave-type reactions. Total polymerization or copolym- 
erization times for all of the stages combined ranging from about 1/2 to several hours are generally sufficient 
in continuous slurry processes. In slurry, bulk and gas phase processes, the total polymerization or copolym- 
erizatk>n time for all of the stages combined can be regulated as desired. 

Diluents suitable for use In slurry polymerization or copolymerization processes include alkanes and cyc- 

ss loalkanes such as pentane. hexane, heptane, n-octane,~isooctane, cyclohexane. methycydopentane. and 
methylcyclohoxane; alkylaromatics such as toluene, xylene, ethylbenzene, Iso propyl benzene, ethyl toluene, 
n-propyl-benzene. diethyl benzenes, and mono- and dialkylnaphthalenes; halogenated and hydrogenated 
aromatics such as chlorobenzene, chloronaphthalene, ortho-dichlorobenzene. telrahydronaphthalene, 

6 
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decahydronaphthalene; high molecular weight liquid paraffins, including isoparaflflns such as Isopar G® or Iso- 
par H® or mixtures thereof, and other well-known diluents. It is often desirable to purify the polymerization or 
CO polymerization medium prior to use. such as by distillation, percolation through molecular sieves, contacting 
with a compound such as an alkylaluminum compound capable of removing trace impurities, or by other suitable 
5 • means. 

Examples of gas-phase polymerization or copdymerization processes in which the catalyst or catalyst conrv 
ponent of this invention is useful include both stirred bed reactors and fluidized bed reactor systems and are 
described in U. S. Patents 3.957,448; 3,965,083; 3,971,786; 3,970,611 ; 4,129,701; 4,101,289; 3,652,527; and 
4.003,712, all incorporated by reference herein. Typical gas phase olefin polymerization or copolymerization 
10 reactor systenris comprise at least one reactor vessel to which olefin monomer(s) and catalyst components can 
be added and which contain an agitated bed of forming p}olymer particles. Typically, catalyst components are 
added together or separately through one or more valve-controlled ports in the single or flrst reactor vessel. 
Olefin monomer, typically, Is provided to the reactor through either a recycle gas system^ a quench liquid system 
or a combination of both. Unreacted monomer is removed as off-gas and either wholly or partially condensed. 
15 the liquid portion pumped and the vapor portion recompressed for returning to the reactor system. These 
streams can be fed separately or mixed into a single stream. For copolymerization. terpolymerization. etc.. typi- 
cally the homopolymer formed from the first monomer in the first reactor is reacted with the second monomer, 
a mbcture of first monomer and second monomer or a higher mixture of multiple monomers in the second reactor. 
The monomers can be added through either a recycling gas system, a quench liquid system or a combination 
20 of tx3th. Alternately, the polymerization can be continued through third and higher stage polymerizations by pas- 
sing the resulting power exiting the second reactor to a third, fourth and succeeding reactors through similar 
techniques. In yet another alternative, a copolymer could be fomied in the first stage or first reactor. 

Irrespective of the polymerization or copolymerization technique employed, polymerization or copolymeri- 
zation is carried out under conditions that exclude oxygen, water, and other materials that act as catalyst 
25 poisons. If desired, upon completion of polymerization or copolymerizatksn, or when It Is advantageous to ter- 
minate polymerization or copolymerization or at least temporarily deactivate the catalyst or catalyst component 
of this invention, the catalyst can be contacted with water, moist nitrogen, alcohols, acetone, or other suitable 
catalyst deactivators in a manner known to persons of skill in the art 

The products produced in accordance with the process of this invention are normally solkJ, predominantly 
30 isotactic homopolymers of propylene or copolymers of propylene and ethylene. Homopolymer or copolymer 
yields are sufficiently high relative to the amount of catalyst employed so that useful products can be obtained 
and used without separation of catalyst residues. The homopolymer or copolymer formed by the method of this 
invention has an Increased stiffness as Indicated, for example, for polypropylene homopolymer, by a compres- 
sion-molded flexural moduli of at least 285.000 psi and preferably at least 295.000 psl. and by an Injection- 
35 nv>lded flexural moduli of at least 245,000 psi, and preferably at least 255,000 psl. The homopolymer or 
copolymer fonmed by the method of this invention has a broadened molecular weight distribution as indicated 
by a ratio of its weight average molecular weight (M^) to its number average molecular weight (MJ of at least 
6.0 and preferably from about 7 to about 50. In addition, the homopolymer or copolymer formed by the method^ 
of this invention has a high tactility - as measured by "C-NMR and reported as %m based on the method repor- 
40 ted in Macromolecules, Vol. 6. page 925 (1973) and Vol. 8, page 687 (1975) - of at least 96.5% and preferably 
at least 97.5%. The product of the method of this invention also has a useful melt flow rate of at least about 
0.1 up to about 200 grams per 10 minutes, a melting point in the range of 160**C to 168*C and a high heat of 
fusion of at least about 24 calories per gram as measured by differential scanning calorimetry. Polypropylene 
homopolymer produced by the method of this invention contains less than 2.0% and preferably less than 1 .4 
45 weight percent of hexane extractables as measured by a 3 hour extraction. In the case of a slurry or bulk-phase 
operation. In order to separate and recover a polymer or copolymer product from the polymerizatk>n reaction 
medium with the lowest possible level of stereorandom components in the product, it is particulariy advan- 
tageous to separate the product from the liquid reaction medium by, for example, filtration, decantation, or cen- 
trifugation, at a temperature of at least 18*C. 
50 The homopolymeric or copolymeric products produced in accordance with the method of the present inven- 

tion can be fabricated into useful articles by extrusion, injection molding, blow molding, thermofonming and other 
common techniques. Such products may, if necessary or desired, contain an additive such as heat stabilizers, 
antioxidant, UV absortjer. antilocking agent coloring agent, etc. A nucleus creating agent may, if desired, be 
employed to further enhance the stiffness of the product 
55 It is an essential feature of the method of this invention that the catalyst system employed therein comprises 

the catalyst or catalyst component described hereinbelow and a cocatalyst component comprising a Group II 
or III metal alkyl. Group II and IIIA metal alkyls that are suitable for use as such cocatalyst component are com- 
pounds of the fonmula MRm wherein M is a Group II or IIIA metal, each R is independently an alkyl radical of 1 
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to about 20 carbon atoms, and m conresponds to the valence of M. Examples of useful metals. M. include mag- 
nesium, calcium, zinc, cadmium, aluminum, and gallium. Examples of suitable alkyi radicals. R, include methyl, 
ethyl, butyl, hexyl, decyl. tetradecyl. and elcosyl. From the standpoint of catalyst component perfomiance. pre- 
ferred Group II and IIIA metal alkyts are those of magnesium, zinc, or aluminum wherein the alkyI radicals con- 
5 tain 1 to about 12 carbon atoms. Specific examples of such compounds include Mg(CH3)2, Mg(C2H5)2. 
Mg(C2H5)(C^Hg). Mg(C4Hfl)2. Mg(C«H,3)2. Mg(C,2H25)2. Zn(CH3)2, ZnCC^Hsjj, 2n(C^H9)2. Zn(C^Ho) {CsH.j). 
Zn(C4H9) (CeHi3)t. 2n(C,Hi3)2. 2n{Oi2^7si2* and Al(Ct2H2s)2- More preferably a magnesium, zinc, or aluminum 
alkyl containing 1 to about 6 carbon atoms per alkyI radical is used. Best results are achieved through the use 
of trialkylaluminum compounds containing from 1 to atxiut 6 carbon atoms per alkyl radical, and particularly 
10 trimethytaluminum. triethylaluminum and triisobutylaluminum, or a combination thereof. If desired, metal alkyls 

having-one-or-more-halogen-or-hydride-groups-can~be-empioyed.~such*'as~ethylaluminum~dichloriderdielh= 

ylaluminum chloride, ethylaluminum sesquichloride, diethyialuminum hydride, diisobutylaluminum hydride, and 
the like. 

In addition to the catalyst or catalyst component described herelnbelow and aforesaid cocatatyst compo- 

15 nent, the catalyst system employed In the method of the present Invention must Include at least one member 
of a specific dass of aliphatic or aromatic organosflane compounds. Such specific class comprises either (1) 
Ri(R2)xSi(OR4)y (ORs)^ wherein Ri and R2 are the same or different and are each isopropyl. isobutyl. sec-butyl, 
t-butyl, isopentyl. t-pentyl. neopentyl. phenyl, tolyl, naphthyl, or cydoC{R3)2n.i. wherein cydoC is a cydobutyl. 
cydopentyt or cyclohexyl cycloaliphatic ring attached to the silicon atom and R3 is hydrogen or an alkyl group 

20 having from 1 to 5 carbon atoms and is a substituent to the cydoaliphatic ring, and wherein n is 4, 5 or 6 when 
the cydoaliphatic ring is cydobutyl, cydopentyl or cyclohexyl. respectively, wherein R4 and Re are the same 
or different and are each methyl, isopropyl. or seo- or t-butyl, and, wherein y is 1, 2 or 3. z is 0 or 1, y+z is 2 or 
3. and x Is 3-(y+z). Preferably, z Is 0, y Is 2, R4 Is methyl or t-butyl. x is 1 and Rt and R2 are the same or different 
and are each isopropyl. isobutyl, t-butyl. isopentyl, l-pentyl. or neopentyl. Typically, the silane employed as an 

25 external nrtodifier in the method of this invention Is dilsopropytdlmethoxysilane. dilsobutytdlmethoxysilane, dl- 
t-butyldimethoxysllane. t-butyltrimethoxysilane. diisopentyldlmethoxysilane. di-t-pentyldlmethoxysilane, dineo- 
pentyldimethoxysilane, neopentyl trimethoxysilane. isobutyl(sopropyldimethoxysilane, Jsobutyl-t-butyldimetho- 
xysilane. and iso-propyl-t-butyldimethoxysilane and di-p-tolyldimethoxysilane. Preferably, the silane employed 
as an extemal modifier is diisopropyldimethoxysilane or dM-butyldimethoxysilane. 

30 The use of the aforesaid hindered alkylalkoxysilanes as an external modifier of the aforesaid catalyst in 

the catalyst system employed in the method of this Invention is essential in order to control the stereoregularity 
of the homopoiymer or copolymer of propylene produced in the method of this invention. If no or some other 
silane extemal modifier Is employed, the resulting homopoiymer or copolymer of propylene produced In the 
method of this Inventton does not have a sufficient NMR tacticity and stiffness. 

35 The aforesaid siiane is present In the catalyst system employed in the method of this invention at a molar - 

ratio of the metal In the cocatalyst to siiane In the range of from about 1 , preferably from about 3, to about 50, 
preferably to about 30. 

Thus, a typical catalyst system for the polymerization of propylene or copolymerization of propylene with , 
ethylene by the method of this inventran is formed by combining the supported titanium-containing catalyst or 

40 catalyst component described hereinbelow and an aforesaid alkyl aluminum compound, together with the 
aforesaid silane as an external nriodifier. Typically, useful aluminum-to-titanium atomic ratios in such catalyst 
systems are about 10 to about 500 and preferably about 30 to about 400. Typical alunrMnum-to-silane compound 
nx>lar ratk)s in such catalyst systems are about 3 to about 30. 

Optionally. It Is preferred in the method of this invention to employ an organic add mono-, di-, or tri-ester 

45 as an additional extemal modifier In the catalyst system In order to substantially enhance the stiffness of the 
homopoiymer or copolymer product while realizing the high activity of the catalyst system and the production 
of a honnopolymer or copolymer having a low level of hexane extractables. Preferred organic acid esters for 
use as extemal modriers are alkyl, alicydic. alkenyl, aryl. alkaryl and aralkyi esters of benzoic acid, halobenzoic 
acids, alkylbenzqic acids, haloalkylljenzoic acids, alkoxybenzoic ackjs. alkylalkoxybenzoic acids, o-phthalic 

50 acid, isophthalic acid, terephthalic acid, naphthalene mono- and dicarboxylic acids, and biphenyl mono- and 
dicarboxylic acids. Additional preferred organic esters include alkyl. alkenyl. aryl. alkaryl, and aralkyi esters of .. 
acetic acid, propionic add. valeric acid, pivalic acid, cydoaliphatic carboxylic acids and diacids, oxalk: acid, 
adipic add, stearic add, and malonlc and substituted malonlc acids. 

Examples of esters that are useful as extemal modifiers are ethyl-p-toluate, ethyl pivalate, methyl-4-t-butyl- 

55 benzoate. 2,6-dl methyl naphthalene dk:arboxylate. ethyl benzoate, n-butybenzoate, t-butylbenzoate, methyl- 
p-toluate, hexyl benzoate, cydohexyl benzoate. dl-di(ethyl)phthalate. di-<n-butyl)phthalate. 
di(isobutyl)phthalate. butylbenzylphthalate. di-(2-ethythexyl) phthalate. ethyl-o-toluate, ethylcydopropane car- 
boxylate, monomethyltere phthalate. and dimethyl tere phthalate. 
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A particularly preferred method for utilizing an aforesaid ester external modifier is to add the ester to the 
polymerization system separately from aforesaid solid catalyst metal alkyl and aforesaid silane in order to mini- 
mize the likelihood of reactions between the ester with such other components of the catalyst system. 

The aforesaid organic acid ester is employed In the catalyst system employed in the method of this invention 
5 at an ester to titanium molar ratio in the range of from 0, preferably from about 5, to about 300, preferably to 
about 150. 

In order to maximize the activity and stereos pecificity of this catalyst system, one or more additional exter- 
nal modifiers, typically electron donors, and including compounds such as mineral adds, organometallic chal- 
cogenide derivatives of hydrogen sulfide, organic acids, and mixtures thereof are optionally employed. Organic 
10 electron donors that are useful as such additional external modifiers of the aforesaid catalyst system are organic 
compounds containing oxygen, nitrogen, sulfur, and/or phosphorus. Such compounds include organic acids, 
organic acid anhydrides, alcohols, ethers, aldehydes, ketones, amines, amine oxides, amides, thiols, various 
phosphorus acid esters and amides, and the like. Mbctures of organic electron donors can also be employed. 
Titaniunvcontalning catalyst components that are useful in this invention are supported on hydrocarbon- 
is insoluble, magnesium-containing compounds which are optionally in combination with an electron donor com- 
pound as an Internal nvsdifier. Such supported titaniunvcontalning olefin polymerization catalyst component 
typically is formed by reacting a titanium (IV) haltde, a magnesium-containing compound, and optnnally an 
organic electron donor compound. Optionally, as described hereinbeiow, such supported titanium-containing 
reaction product may be further treated or modified by comminution or further chemical treatment with additional 
20 electron donor or Lewis acid species. 

Suitable magnesium-containing compounds include magnesium halides; a reaction product of a mag- 
nesium halide such as magnesium chloride or magnesium bromide with an organic compound, such as an 
alcohol or an organic acid ester, or with an organometallic compound of metals of Groups l-lll; magnesium 
alcoholates; or magnesium alkyls. 
25 One possible magnesium-containing compound, described in U.S. Patent No. 4,277,370, Is based on at 

least one magnesium alcoholate which may be pretreated with at least one modifier such as a mineral acid or 
anhydride of sulfur, organometallic, chalcogenide derivative of hydrogen sulfide, and organic acids and esters 
thereof. Such magnesiunvcontaining compound may be the pretreatment product of at least one magnesium 
alcoholate, at least one Group II or IIIA metal aikyl and. optionally, at least one modifier such as a mineral acid 
30 or an anhydride, sulfur, organometallic chalcogenide derivatives of hydrogen sulfide, organic acids and organic 
acid esters. Solid magnesium alkoxide may be milted prior to further treatment In another catalyst component 
magnesium ethoxide may be reacted with an aromatic ester such as phenyl benzoate prior to further treatment 
with a Lewis acid. 

Another possible catalyst component is described in U.S. application Serial No. 674.966. filed December 

35 26, 1 984, assigned to a comnv>n assignee, which is incorporated by reference herein. The catalyst component 
described therein Is prepared by complexing a magnesium alkyl composition with a specific dass of hindered 
aromatic ester such as ethyl 2,6-dimethylbenzoate followed by reaction with a compatible precipitation agent 
such as silicon tetrachloride and a suitable titanium (IV) compound in combination with an organic electron^ 
donor compound in a suitable diluent ' 

40 Another possible catalyst component of use in this invention is the TK catalyst component a proprietary 

titanium halide-based magnesium chloride-containing catalyst component produced commercially by Akzo 
Chemicals, Inc. . 

Another possible, and preferable, catalyst component is described in U.S. Serial No. 875,160, filed June 
17, 1986, which is a continuation-in-part to U.S. application Serial No. 741,858, filed June 6, 1985, which was 

4S a continuation-in-part to U.S. application Serial Nos. 629.910, filed July 9, 1984, and 592,910, filed March 23, 
1984, now the above-described U.S. Patent No. 4,540,679, all of which are assigned to a common assignee 
and are incorporated by reference herein. 

The possible solid catalyst components listed above are only illustrative of many possible solid, mag- 
nesium-containing, titanium halide-based, hydrocarbon-insoluble catalyst components useful in this invention 

50 and known to the art This invention is not limited to a specific supported catalyst or catalyst component 

Titanium (IV) compounds useful in preparing the solid titaniunvcontaining catalyst component of invention 
are titanium halides and haloalcoholates having 1 to about 20 carbon atoms per alcoholate group. Mbctures of 
titanium compounds can be employed if desired. Prefen-ed titanium compounds are the halides and haloalcoho- 
lates having 1 to about 8 carbon atoms per alcoholate group. Examples of such compounds indude TICU, TiBr4, 

55 Ti(OCH3)a3. Ti(OC2HB)Cl3. Tl(OC4H9)Cl3, TI(OC6H6)Cl3, Tl (OC«Hi3)Br3, Ti(OC8Ht7)Cl3. Ti(OCH3)2Br2. 
Tl(OC2H5)Cl2. T!(OCHeHn3)2.Cl2, Ti{OCeHi7)2Br2. Ti(OCH3)3Br, Ti(OC2H5)3CI. Ti(OC4Hg)3a, Ti(OC6Hi3)3Br, and 
Ti(OC3H 17)301. Titanium tetrahalides, particulariy titanium tetrachloride (TiCU), are most preferred. 

Organic electron donors useful as internal modifiers in preparation of stereospecific supported titanium- 
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containing catalyst components oiany times can be organic compounds containing one or more atoms of 
oxygen, nitrogen, sulfur, and phosphorus. Such compounds include organic acids, organic acid esters, 
alcohols, ethers, aldehydes, ketones, amines, amine oxides, amides, thiols and various phosphorous acid 
esters and amides, and the like. Mixtures of organic electron donors can be used if desired. Specific examples 

5 of useful oxygen-containing electron donor compounds Include organic acids and esters. Useful organic acids 
contain from 1 to about 20 carbon atoms and 1 to about4 carboxyl groups. 

Preferred titanium component electron donor compounds as internal modifiers include esters of aromatic 
acids. Preferred organic electron donors are Ci-Cq alkyl esters of aromatic mono- and dicarboxylic acids and 
halohydroxyl-, oxo-. alkyl-. alkoxy-, aryl-. and aryloxy-substituted aromatic mono-and dicarboxylic acids. 

10 Among these, the alkyl esters of benzoic and halobenzoic adds wherein the alkyl group contains 1 to 6 carbon 
atones, such as methyl benzoate. methyl bromobenzoate, ethyl benzoate. ethyl chlorobenzoate, ethyl 
bromobenzoate, butyl benzoate, tsobutyl benzoate, hexyt benzoate, and cydohexyi benzoate, are preferred. 
Other preferable esters Indude ethyl p-anlsate and methyJ-p-tduate. An especially prefen-ed aromatic ester is 
a dialkyiphthalate ester In which the alkyl group contains from about two to about ten carbon atoms. Examples 

15 of preferred phthalala ester are diisobutylphthalate, ethytbutylphthalate, diethylphthalate, and di-n-butylphtha- 
late. 

The electron donor component that may be used as internal modifiers in preparation of the solid catalyst 
• component is used in an anwunt ranging from about 0.001 to about 1.0 mole per gram atom of titanium, and 
preferably from about 0.005 to about 0.9 mole per gram atom. Best results are achieved when this ratio ranges 
20 from about 0.01 to about 0.8 mde per gram atom of titanium. 

Although not required, the solid reaction product prepared as described herein may be contacted with at 
least one liquid Lewis add prior to polymerization. Such Lewis adds useful according to this inventkjn are mate- 
rials which are Ik^uid at treatment temperatures and have a Lewis acidity high enough to remove impurities such 
as unreacted starting materials and pooriy affixed compounds from the surface of the above-described solW 
25 reaction product Prefenred Lewis adds Indude halldes of Group lll-V metals whkih are In the liquid state at 
temperatures up to about 170'C. Specific examples of such materials indude BCIj, AlBrj, TiCU, TiBr4, SiCU. 
GeCU, SnOx, PCI3 and SbClg. Preferable Lewis acids are TiCU and SiCl*. Mbctures of Lewis acids can be 
employed if desired. Such Lewis add may be used in a compatible diluent 

Although not required, the above-described solid reaction product nray be washed with an inert liquid hyd- 
30 rocarbon or halogenated hydrocarbon before contact with a Lewis add. If such a wash is conducted it is pre- 
fen-ed to substantially remove the inert liquid prior to contacting the washed solid with the Lewis acid. 

Due to the sensitivity of catalyst components to catalyst poisons such as water, oxygen, and carbon oxides, 
the catalyst components are prepared In the substantial absence of such materials. Catalyst poisons can be 
exduded by canrying out the preparation under an atmosphere of an inert gas such as nitrogen or argon, or an 
35 atmosphere of alpha-olefin. As noted above purification of any diluent to be employed also aids in removing 
poisons from the preparative system. 

As a result of the above-described preparation there is obtained a solid reaction product suitable for use 
as a catalyst component Prior to such use. it is desirable to remove incompletely-reacted starting materials, 
from the solid reaction product. This is conveniently accomplished by washing the solid, after separation from 
40 any preparative diluent, with a suitable sdvent such as a liquid hydrocarbon or chlorocartwn, preferably within 
a short time after completion of the preparative reaction because prolonged contact between the catalyst conrv 
ponent and unreacted starting materials may adversely affect catalyst component performance. 

Although the chemical structure of the catalyst components described herein Is not presently known, the 
components preferably contain from about 1 to about 6 weight percent titanium, from about 10 to about 25 
4S weight percent magnesium, and from about 45 to about 65 weight percent halogen. Preferred catalyst compo- 
nents made according to this invention contain from about 1.0 to about 3 weight percent titanium, from about 
15 to about 21 weight percent magnesium and from about 55 to about 65 weight percent chlorine- 
Prior to use in the method of this invention the catalyst or catalyst component employed can be further adi- 
vated by comminution. Techniques of comminution by ball-milling generally are known in the art Typically, the 
50 catalyst component and hard, nonreactive balls, such as steel or Carborundum balls, are placed in a dosed 
container which is agitated usually by rolling, shaking or rocking. Such comminution is continued for a few hour^ 
up to several days, typically about 12 to 36 hours. untO the catalyst or catalyst component is ground to a desired 
parttele size typically about 5 to about 50 microns. Since the mechanteal actton of comminution can cause a 
temperature Increase In the comminuting mbrture, care should be taken to keep the temperature below the 
55 decomposition temperature of the catalyst or catalyst component Typically, the comminuting mixture should 
be kept at below about 50**C. 

The titanium-containing catalyst component of this invention may be prepolymerized with an alpha-olefin 
before use as a polymerization catalyst component In prepolymerization, catalyst and an organoaluminum 
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compound cocatalyst such as triethyaiuminum are contacted with an alpha-olefin such as propylene under 
polymerization conditions, preferably in the presence of a modifier such as a silane and in an inert hydrocarbon 
such as hexane. Typically, the polymer/catalyst weight ratio of the resulting prepolymerized component is about 
0.1:1 to about 20:1. Prepolymerizatfon forms a coat of polymer around catalyst particles which in many inst- 
5 ances improves particle morphology, activity, stereos pecificity, and attrition resistance. A particularly useful 
prepolymerization procedure is described in U.S. Patent No. 4,579,836, which Is incorporated herein by refer- 
ence. 

As indicated hereinabove, the titaniunv-containing catalyst component of this invention is used in a polym- 
erization catalyst system containing a cocatalyst component including a Group II or III metal alkyi, and, pref- 

10 erably, an alkyi aluminum compound, together with the aforesaid organosilane component. 

Preferably, the solid, hydrocarbon-insoluble catalyst or catalyst component employed in the method of this 
invention for the polymerization of propylene or copolymerization of propylene and ethylene monomer com- 
prises the product formed by the process which comprises the step (A) of forming a solution of a magnesium- 
containing species in a liquid wherein the magnesiunvcontaining species is fonmed by reacting a 

15 magnesium-containing compound with carbon dioxide or sulfur dioxide. The magnesium-containing compound 
from which the magnesium-containing species is formed is a magnesium alcoh'oiate, a magnesium hydrocarbyl 
alcoholate, or a hydrocarbyl magnesium compound. When carbon dioxide is employed, the magnesium-con- 
taining species is a hydrocarbyl carbonate ora carboxyiate. When sulfur dioxide is employed, the resulting mag- 
nesium-containing species is a sulfonate. Since the use of carbon dioxide is highly prefenred, hereinafter the 

20 description is written as if carbon dioxide is used. 

When a magnesium alcoholate is employed, the resulting magnesium-containing species is a magnesium 
hydrocarbyl carbonate. Generally, the magnesium hydrocarbyl carbonate can t>e prepared by reacting carbon 
dioxide with the magnesium alcoholate. For example, the magnesium hydrocarbyl carbonate can be formed 
by suspending magnesium ethoxide In ethanol. adding carbon dioxide until the magnesium ethoxide dissolves 

25 forming magnesium ethyl carbonate. It, however, the magnesium ethoxide were suspended instead In 2-ethyl- 
hexanol, at least one of magnesium 2-ethylhexyl carbonate, magnesium ethyl carbonate and magnesium 
ethyl/2-ethyihexyl carbonate is formed. If the magnesium ethoxide is suspended in a liquid hydrocarbon or 
halohydr6cart>on that is free of alcohol, the addition of carbon dioxide results in the breaking apart of the mag- 
nesium ethoxide particles and the magnesium hydrocarbyl carbonate reaction product does not dissoh^e. The 

30 reaction of a magnesium alcoholate with carbon dioxide can be represented as follows: 



Mg(OR)(OR') + nC02— > Mg(OR)2^(-o6oR)n 

35 

wherein n is a whole number or fraction up to 2, and wherein R and R' are identical or different hydrocarbyl 
groups of 1 to 20 carbon atoms. From the standpoint of cost and availability, magnesium alcoholates which 
are preferred for use according to this Invention are those of the formula Mg{OR')2 wherein, R' is as defined 
above. In terms of catalytic activity and stereospecificity, best results are achieved through the use of mag- 

40 nesium alcoholates of the fonmula Mg(OR')2 wherein R' is an alkyl radical of 1 to at>out 20 carbon atoms, an 
aryt radical of 6 to about 12 carbon atoms or an alkaryl or aralkyi radical of 6 to about 12 carbon atoms. Best 
results are attained through the use of magnesium ethoxide. 

Specific examples of magnesium alcoholates that are useful according to this invention include the following: 
Mg(OCH3)2. Mg(OC2H5)2, Mg(OC4H9)2. Mg(OCflH5)2, Mg(OCeHi3)2. Mg(OC»Hi9)2. Mg(OCioH7)2. Mg(OCi2H9)2, 

45 Mg(OCi2H25)2. Mg(OCieH33)2. Mg{OCtaH37)2. Mg(OC2oH4i)2. Mg(OCH3)(OG2H6). Mg(OCH3)(OC6Hi3). 
Mg(OC2H6)(OC8Hi7), Mg(OC6H«)(OC2oH4i). Mg(OCaH7){OCiQH7). Mg(0C2H4a)2 and Mg(OCi6H33)(OCiftH37). 
Mbctures of n^agnesium alcoholates can also be employed if desired. 

A suitable magnesium hydrocarbyl alcoholate has the formula MgR(OR') wherein R and R' are as defined 
hereinabove for the magnesium alcoholate. On the one hand, when alcohol is used as the suspending medium 

50 for the reaction between the magnesium hydrocarbyl alcoholate and carbori dioxide or sulfur dioxide, the mag- 
nesium hydrocarbyl alcoholate is afunctional equivalent of the magnesium alcoholate because the magnesium 
hydrocarbyl alcoholate is converted to the magnesium alcoholate in alcohol. On the other hand, when the sus- 
pending medium does not contain alcohol, tfie magnesium hydrocarbyl alcoholate reacts with carbon dioxide 
as follows: 

55 

O O 
R-Mg-(OR*) + 2C02-> ROC-Mg -0-6-0R' 

11 
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In this case 

^ ROC-Mg-O-C-OR' i 

is the resulting magnesiunv-contatning species. 

When the magnesium compound from which the nnagnesiunvcontaining species is fomned is a hydrocarbyl 
10 magnesium compound having the fomnula XMgR, where X is a halogen and R is a hydrocarbyl group of 1 to 
20 carbon atoms, the reaction of the hydrocarbyl magnesium compound with carbon dioxide forms a mag- 
nesium cart)oxylate and can be represented as follows: 

O 

X-MgR + CO2— C>X-MgOC-R 

If the hydrocarbyl nrkagneslum compound contains two hydrocarbyl groups, the reaction can be represented as 
follows: 

20 

O 

MgR2 + 2CO2— £> Mg(OC-R)2 

25 where R is as defined for X-MgR. 

Suitable hydrocarbyl magnesium compounds have the structure R-Mg-Q wherein Q is hydrogen, halogen 
or R'(each R' is Independently a hydrocarbyl group of 1 to 20 carbon atoms.) Specific examples of hydrocarbyl 
magnesium compounds useful In this invention include: Mg(CH3)2, Mg(C2H6)2. Mg(C4H9)2. Mg(C«H6)2. 
Mg(CaH,3)2, Mg(CgHi9)2. Mg(CioH7)2, Mg(Ci2H9)2, Mg(C„H26)2, Mg(Ci6H3a)2. Mg(C2oH4i)2. MgCCHaKCsHg), 

30 Mg(CH3)(CeH„), Mg(C2H5)(C8Hi7). Mg(C6Hi3)(C2oH4i). MgCCgHyXCioHr), Mg(C2H4Cl)2 and 
Mg(Ci6H33)(CisH37). MglCjHsXH), Mg(C2H5)(CI). MgCCjHsXBr). etc. Mbctures of hydrocarbyl magnesium com- 
pounds also can be employed if desired. From the standpoint of cost and availability, dihydrocarbyl magnesium 
compounds preferred for this use are those of the formula MgR'2 wherein R' is as defined above. In terms of 
catalytic activity and stereospecificity, best results are achieved through the use of hydrocarbyl magnesium 

35 halide compounds of the formula MgR'Q' wherein R' is an aikyi radical of 1 to about 18 carbon atoms, an aryl 
radical of 6 to about 12 carbon atoms or an alkaryl or aratkyi radical of 7 to about 12 carbon atoms and Q' is 
chloride or bromide. 

Preferably, the magnesium-containing compound is a magnesium alcoholate, and the resulting mag- 
nesium-containing species is a magnesium hydrocarbyl carbonate. 

40 More preferably, a magnesium alcoholate Is employed that is prepared by reacting magnesium metal turn- 

ings to completion with a lower molecular weight alcohol, such as methanol, ethanol, or 1 -pro panel, with or with- 
out a catalyst such as iodine or cartKih tetrachloride, to form a solid n^agnesium alcoholate. Any excess alcohol 
is removed t>y filtration, evaporation or decantation. Use as the magnesium-containing compKJund of a mag- 
nesium alcoholate produced in this manner affords a solution of the magnesium-containing species formed from 

45 it in step A of this invention that has a substantially reduced viscosity and hence is easier to work with, and 
also affords a catalyst or catalyst component of this invention having a substantially greater mean particle size 
relative to the use of a magnesium alcoholate produced by any different known method. 

Diluents or solvents suitable for use in the carbonation of the magnesium compounds to form the mag- 
nesiunr>-contalning species include alcohols containing from 1 to 12 carbon atoms, non-polar hydrocarbons and 

50 halogenaled derivatives thereof, ethers and mixtures thereof that are substantially inert to the reactants 
employed and, preferably, are liquid at the temperatures of use. It also is contemplated to conduct the reaction 
at elevated pressure so that lower-boiling solvents and diluents can be used even at higher temperatures. 
Examples of useful solvents and diluents include alcohols such as methanol, ethanol, 1- or 2-propanol, t-butyl 
alcohol, benzyl alcohol, the amyl alcohols, 2-ethylhexanol and branched alcohols containing 9 or 10 cartton 

55 atoms; alkanes such as hexane, cyclohexane, ethylcyclohexane, heptane, octane, nonane, decane. undecane, 
and higher molecular weight paraffins, including isoparaffins such as Isopar G® and Isopar H®; haloalkanes 
such as 1 , 1 ,2-tTichloroethane, carbon tetrachloride; aromatk:s such as toluene, xylenes and ethylbenzene; and 
halogenated and hydrogenated aromatics such as chlorobenzene, o-dlchlorobenzene. tetrahydronatphthalene 

12 
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and decahydronaphthalene. 

In somewhat greater detail, the magnesium-containing species is prepared by dissolving or suspending 
the magnesium-containing compound in a liquid. Approximately 10 to 80 parts by weight of the magnesium- 
containing compound is employed per 100 parts by weight liquid. A sufTicient amount of carbon dioxide Is bub- 

5 bJed into the liquid suspension to provide from about 0.1 to 4 moles of carbon dioxide per mole of the magnesium 
compound with mild stirring. Approximately 0.3 to 4 moles of carbon dioxide are added to the solution or sus- 
pension of the magnesium-containing compound with stirring atatemperatureof atrautO to 100*'Covera period 
of approximately 10 minutes to 24 hours. 

Regardless of which of the aforesaid magnesium-containing compounds was employed to form the mag- 

10 nesium-containing species, solid particles are next precipitated in step B from the aforesaid solution of the mag- 
nesiunn-containing speciies by treatment of the solution with a transition metal halide and preferably additionally 
with a morphology controlling agent The transition metal halide preferably is a titanium (IV) halide and more 
preferably is titanium tetrachloride. While any convenient conventional morphology controlling agent can be 
employed, organosilanes are particulariy suitable for use as the morphology controlling agent. Suitable 

15 organosilanes for this purpose have a fonmula: RnSIR'^, wherein n= 0 to 4 and wherein R is hydrogen or an 
alkyi, alkoxy, haloalkyi or aryl radical containing one to about ten carbon atoms, or a halosilylradical or haloal- 
kylsilyl radical containing one to about eight carbon atoms, and R' is OR or a halogen. Typically, R is an alkyl 
or chloroalkyt radical containing one to about eight carbon atoms and one to about four chlorine atoms, and R' 
is chlorine or an -OR radical containing one to four carbon atoms. A suitable organosilane may contain different 

20 R' groups. Mixtures of organosSanes may be used. Preferable organosilanes include trimethyichlorosilane. 
trimethylethoxysilane. dimethyldtehlorosilane, tetraethoxysilane, and hexamethyldisiloxane. 

In this treatment of the soluble magnesium-containing species, the titanium (IV) halide component and 
organosilane component are contacted In amounts such that the atomic ratio of magnesium to titanium Is at 
least about 0.3:1 and preferably, is from about 0.4:1 to about 20:1 and more preferably, from about 0.5:1 to 

25 about3:1.Theatomicratioof silicon to titanium typically ranges from ab>out 0.1:1 to atx>ut 2.0:1, and preferably 
is about 0.3:1 to about 1:1. . 

Broadly, in accordance with this invention, the particles precipitated in step B are treated with a transition 
metal compound and an electron donor. Suitable transition metal compounds which can be used for this pur- 
pose indude compounds represented by the formula T,YbX<^ wherein T, is a transition metal selected from 

30 Groups IV-B, V-8 and Vi-B of the Periodic Table of Elements, Y is oxygen, OR' or NR'2; wherein each R' is 
independently hydrogen or hydrocarbyl group of 1 to 20 carbon atoms; X is halogen, preferably chlorine or 
bromine; c has a value corresponding to the valence of the transition metal, T^; b has a value of from 0 to 5 
with a value of c-b being from at least 1 up to the value of the valence state of the transition metal Ta- Suitable 
transition metal compounds include halide compounds of titanium, zirconium, vanadium and chromium, such 

35 as chromyl chloride, vanadium oxytrichloride. zirconium tetrachloride, vanadium tetrachloride, etc. 

Titanium (IV) compounds useful in preparation of the catalyst or catalyst component employed In the 
method of this invention are titanium halides and haloalcoholates having 1 to about 20 carbon atoms per alcoho- 
late group such as methoxy, ethoxy, butoxy, hexoxy, phenoxy, decoxy, naphthoxy, dodecoxy and eicosoxy.^ 
Mixtures of titanium compounds can be employed if desired. Preferred titanium compounds are the halides and 

40 haloalcoholates having 1 to 8 cart>on atoms per alcoholate group. Examples of such compounds include TiCU. 
TiBr4. Tl(OCH3)a3, Ti(OC2H5)Cl3, Ti(OC4Hg)a3. Ti(OCeH5)Cl3, Ti (OCeHi3)Br3. Ti(OC8Hi7)Cl3, TI(OCH3)2)Br2. 
Ti(OC2H5)2Cl2, Ti(OGeHi3)2Cl2. Tl(OCeHi7)Br2. Ti(OCH3)3Br, Ti(bc2H5)3CI, Ti(OC4H9)3CI, Ti(OCeH,3)3Br. and Ti 
(OCeHi7)3a, Titanium tetrahalides and particulariy TICU are most preferred from the standpoint of attaining 
nr^imum activity and stereospecificity. 

45 Organic electron donors useful In preparation of the stereospecific supported catalyst components 

employed in the method of this Invention are organic compounds containing oxygen, nitrogen, sulfur, and/or 
phosphorus. Such compounds include organic acids, organic acid anhydrides, organic acid esters, alcohols, 
ethers, aldehydes, ketones, amines, amine oxides, amides, thiols, various phosphorus acid esters and amides, 
and the like. Mbctures of organic electron donors can be employed if desired. 

50 Specific examples of useful oxygen-containing electron donors include the organic acids and esters 

employed as modifiers as described above, aliphatic alcohols such as rr>etfianol, ethanol. propanols. butanols. 
pentanols, hexanols, and so forth, aliphatic diols and triols such as ethylene glycol, propanediols, glycerol, 
butanediols, butanetriols, pentanedlols, pentanetriols. hexanediols. hexanetriols, and so forth; aromatic 
alcohols such as phenol, di-, tri-, and tetra hydroxy benzenes, naphthols. and dihydroxynaphthalenes; aralkyl 

55 alcohols such as benzyl alcohol, phenylethanols, phenylpropanols, phenyl butanols, phenyl pentanols, 
phenylhexanols, and so forth; alkaryl alcohols such as cresols, xylenots, ethylphenols, propylphenols. butyl- 
phenols, pentylphenols, hexylphenols, and so forth; dialkyl esters such as dimethyl, diethyl, methylethyi, dip- 
rapyl, dibutyl, dipentyi, dihexyl ethers, and so forth; alkylvinyi and alkylaliyi ethers such as methyl-, ethyl-. 

13 
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propyl-, butyl-, pentyl-. and hexylvinyl, and hexylallyl ethers:alkaryl ethers such as anisole, phenetol, propyl- 
phenyl ether, butylphenyt ether, pentytphenyl ether, hexylphenyl ether and so forth; aryivinyl and arylallyl ethers 
such as phenylvinyl ether and phenylallyl ether dtaryl ethers such as dlphenyl ether and cydlcethers such as 
dioxane and trioxane. ' 

5 Specific examples of other suitable oxygen-containing organic electron donors include aldehydes such as 

formaldehyde, acetalde hyde, propionatdehyde, butyraldehyde, vateraldehyde, caproaldehyde, and so forth, 
benzylaldehyde, totualdehyde, and alpha-tolualdehyde; and ketones such as acetone, diethyl ketone, methyl 
ethyl ketone, dipropyl ketone, dibutyl ketone, dipentyl ketone, dihexyl ketone, and so forth, cydobutanone. cyc- 
lopentanone, and cydohexanone, acetophenone, propiophenone. butyrophenone, valerophenone. 

to— :-caprophenone,-and so forth. and benzophenone 

Specific examples of useful nitrogen-containing organic electron donors indude tertiary amines wherein 
at least one of the groups bonded to nitrogen contains at least two carbon atoms such as dimethylethylamlne, 
methyldiethylamlne, N,N'-tetramethylethylenediamine, triethylanryne. tri-n-butylamine, dimethyl-n-hexylamine, 
diphenylmethylamine, triphenylamine, tritolyiamlne, diphenylbenzylamlne, diphenylethylamine, diethyl- 

15 phenylamine, bls(dlethylamino)benzenes, and the like; saturated heterocydlc amines and derivatives thereof 
such as pyrroIkJine, piperidine, 2-methylpyn'olidine, 2-methylpiperidlne, 2,5-dlmethylpyrrolldlne. 2,6-dimethyl- 
piperidine, 2.4,6-trimethylpiperidine, 2,2,6,6-tetrannethyl piperidine. and the like; unsaturated heterocydic 
amines and derivatives thereof such as pyridine and pyrimidine, picolines, luttdines, collidines. ethylpyridines. 
diethylpyridines. triethylpyridines. benzyl pyridines, methyl pyrimidines, ethyl pyrimidines, benzylpyrimidines, 

20 and the like. 

Examples of useful sulfur containing organic electron donors indude thiols such a nnethanethioi, 
ethanethiol, ethanedithiol, propanethids. butanethids. butanedithiols. hexanethiols, and the like, thioethers 
such as ethylthioethane, ethylthlo-n-butane. and the like; and other thlo analogues of the above-described oxy- 
gen-containing organic electron donors. 

25 Specific examples of useful phosphorus-containing organic electron donors include phosphorus analogues 

of the above-described nitrogen-containing organic electron donors such as triethylphosphine. ethyldibutyl- 
phosphine, triphenylphosphine. and the like. 

Examples of useful organic electron donors containing \wo or more of oxygen, nitrogen, sulfur, and phos- 
phorus indude amides such as acelamWe, butyramide, caproamide, benzamide, and the like, aminoalcohols 

30 such as ethanolamine, hydroxyaniiines, aminocresols, and the like; amine oxides such as lutidine-N-oxides and 
collkline-N-oxides; aminoethers such as bis(2-ethoxyelhyl)amine thioadds such as thioacetic acid, thiobutyric 
acid, thiovaleric acid, thiobenzoic acid, and the like; organosulfonic acids such as methanesulfonic acid, 
ethanesulfonic acid, phenylsulfonic add, and the like; various phosphorus acid derivatives such as trimethyt 
phosphite, tri-n-propyi phosphite, triphenyl phosphite, tri(ethylthio)phosphite, hexamethylphosphoric triamide, 

35 and the like; and phosphine oxides such as trimethylphosphino oxide, triphenylphosphine oxide, and the like. 

From the standpoint of catalyst performance and preparative ease, the organic electron donors which are 
preferred according to this invention are Ci-Ce alkyi esters of aromatic carboxyiic adds and halogen-, hydroxyl-. 
OXO-, alkyI, alkoxy-, and/or aryloxy-substituted aromatic monocarboxylic adds. Among these, the alkyI esters, 
of benzoic, halobenzotc, phthalic, terephthalic and isophthalic acids wherein the alkyI group contains 1 to 6 

40 cartKin atoms, such as methyl benzoate, methyl bromobenzoate, ethyl benzoate. ethyl chlorobenzoate. ethyl 
bromobenzoate, ethyl benzoate, ethyl chlorobenzoate, ethyl bromobenzoate, butyl benzoate, isobutyl ben- 
zoate, diisobutyl phthalate, hexyl benzoate, and cydohexyl benzoate are particularly preferred. Best results 
are attained through the use of diesters. 

In step C, the partides formed In Step B, the transition metal component, and organic electron donor conrv 

45 ponent are reacted at temperatures ranging from about -1 0*'C to about 1 ZO^C, generally over a period of several 
minutes to several hours, and are contacted in amounts such that the atomic ratio of transition metal to mag- 
nesium in the partides (calculated as magnesium in magnesium compound from which the magnesium-con- 
taining spedes is fonned) is at least about 5:1. Preferably, this ratio ranges from about 0.5:1 to about 20:1. 
Create anrxjunts of transition metal can be employed without adversely affecting catalyst component perfomv 

50 ance, but there typically is no need to exceed a transition metal to magnesium ratio of about 20:1 as only a 
portk)n of the transition metal is affixed to the pretreatment product during the preparative reaction. More pref- 
erably, the titanium to magnesium ratio ranges from about 2:1 to about 15:1 to ensure that the catalyst conrv 
ponents contain sufficient titanium to exhibit good activities without being wasteful of the titanium compound 
employed in preparation. The electron donor component is employed in an amount ranging up from about 1 .0 

55 mde per gram atom of transition metal In the transition metal compound, and preferably from about 0.001 to 
about 0.6 mole per gram atom of titanium in the transition metal compound. Best results are achieved when 
tills ratio ranges from about 0.01 to about 0.3 mole per gram atom of titanium. The atomic ratio of metal in the 
Group II or 111 A metal alkyl component to metal in ttie magnesium hydrocarbyl carbonate component ranges 



Neste Oy, Patent Services 03/13/1997 12:24:31 



EP 0 498 603 A2 

from about 0.001:1 to about 1:1. Preferably, this ratio ranges from about 0.005:1 to about 0.5:1 to provide the 
best catalyst performance. 

It is preferred that the electron donor compound and transition metal compound can be contacted with the 
precipitated solid partides in the presence of an inert hydrocart>on or halogenated diluent although other suit- 

5 able techniques can be employed. Suitable diluents are those materials which are disclosed hereinabove as 
useful as diluents in steps A or B and which are substantially inert to the components employed and are liquid 
at the temperature employed or can be maintained- in the liquid state through the use of elevated pressure. 

In a highly preferred embodlnrtent of the present invention, prior to step C, the particles precipitated in step 
B are reprecipitated from a solution containing a cyclic ether, and then the re precipitated particles are treated 

10 in step C with a transition metal compound and an electron donor. 

In a typical reprecipitation procedure, the particles precipitated in step B are entirely solubilized in the cyclic 
ether solvent and then particles are allowed to reprecipitate to form partides of uniform size. The preferable 
ether is tetrahydrofuran. although other suitable cydic ethers, such as tetrahydropyran and 2-methyltetrahyd- 
rofuran. may be used, which can soiubilize the partides formed in step B. AJso, thioethers such as tet- 

15 rahydrothiophene can be used. In some instances, such as the use of 2,2,5,5-tetrahydrofuran and 
tetrahydropyran-2-methanol, repredpltation occurs upon heating to about 1 30*-1 SS^F. Other compounds may 
be used which act in an equivalent manner, i.e., materials which can soiubilize the partides formed in step B 
and from which solid uniform partides can be reprecipitated, such as cydohexene oxide, cydohexanone, ethyl 
acetate and phenyl acetate. Mixtures of such suitable materials may also be used. 

20 A suitable diluent that can be used in any of the aforesaid steps A, B or C or in the reprecipitation step 

should be substantially inert to the reactants employed and preferably is liquid at the temperature employed. 
It is also contemplated to conduct the particular step in question at an elevated pressure so that lower boiling 
diluents can be used even at higher temperatures. Typical suitable diluents are aromatic or substituted aromatic 
liquids, although other hydrocartKin-based liquids may be used. Aromatic hydrocarisons, such as toluene, and 

25 substituted aromatics have been found suitable. An espedally suitable diluent is a halogenated aromatic such 
as chlorobenzene or a mbcture of a halogenated aromatic such as chlorobenzene and a halogenated aliphatic 
such as dichloroethane. Also useful are higher boiling aliphatic liquids such as kerosene. Mbctures of diluents 
may be used. One useful diluent component is Isopar G® which is a Cio-everage isoparaffinic hydrocarbon 
boiling at Ise-IZB^C. Other examples of useful diluents indude alkanes such as hexane, cydohexane, ethyi- 

30 cydohexane, heptane, octane, nonane. decane, undecane, and the like; haloalkanes such as 1 ,2-dichloroet- 
hane, 1,1.2-trichloroethane, cartKDn tetrachloride and the like; aronnatics such as benzene, toluene, xylenes and 
ethyibenzene; and halogenated and hydrogenated aromatk^s such as chlorobenzene and o-dichlorobenzene. 

Each of the aforesaid steps A, B and C and the aforesaid reprecipitation step is conducted in the substantial 
absence of water, oxygen, carbon monoxide, and other extraneous materials capable of adversely affecting 

35 the perfonmance of the catalyst or catalyst component of this invention. Such materials are conveniently exc- 
luded by carrying out the pretreatment in the presence of an inert gas such as nitrogen or argon, or by other 
suitable means. Optionally, all or part of the process can be conducted in the presence of one or more alpha- 
olefins which, when introduced into the preparative system in gaseous form, can serve to exclude catalyst 
poisons. The presence of one or more alpha-oiefins also can result in improved stereos pectficity. Useful al- 

40 pha-olefins indude ethylene, propylene, butene-1, pentene-1. 4-methylpentene-1. hexene-1, ahd mixtures 
thereof. Of course, any alpha-olefin employed should be of relatively high purity, for example, polymerization 
grade or higher. Other precautions which aid in exduding extraneous poisons indude purification of any diluent 
to be employed, such as by percolation through molecular sieves and/or silica gel prior to use, and drying and/or 
heating of reactant 

45 As a result of the above-described preparation there is obtained from step C a soikJ reaction product suit- 

able for use as a catalyst or catalyst component Prior to such use, it is desirable to remove incompletely-reacted 
starting materials from the solid reaction product from step C, This is conveniently accomplished by washing 
the solid from step C. after separation from any preparative diluent, with a suitable solvent such as a liquid 
hydrocarbon or chlorocarbon, preferably within a short time after completion of the preparative reaction because 

50 prolonged contact between the catalyst component and unreacted starting materials may adversely affect catal- 
yst component perfonmance. 

Although not required, the solid reactksn product prepared from step C may be contacted with at least one 
liquid Lewis acid prior to polymerization. Such Lewis acids useful according to this invention are materials which 
are tiquki at treatment temperatures and have a Lewis acidity high enough to remove impurities such as unreao- 

55 ted starting materials and poorly affoced compounds from the surface of the solid reaction product from step 
C. Prefen-ed Lewis acids indude hatides of Group Ul-V metals which are in the liquid state at temperatures up 
to about 170*'C. Specific examples of such materials indude BCI3, AIBra, TiCI^, TiBr^, SiCU, GeCU, SnCU, PCI3 
and SbCIs. Preferable Lewis acids are TiCl4 and SiCl4. Mbcture of Lewis acids can be employed if desired. Such 

15 
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Lewis acid may be used in a compatible diluent 

Although not required, the solid reaction product from step C may be washed with an inert liquid hydrocar- 
bon or halogenated hydrocarbon before contact with a Lewis acid. If such a wash is conducted, it Is prefered 
to substantially remove the inert liquid prior to contacting the washed solid with Lewis acid. 

5 Although the chemical structure of the catalyst or catalyst components employed in the method of this 

invention is not known precisely, the components generally comprise from about 1 to about 6 wt% titanium, 
from about 10 to about 25 wt.% magnesium, and from about 45 to about 65 wt% halogen. Preferably, the catal- 
yst components eniployed in the method of this invention comprise from about 2.0 to about 4 wt.% titanium, 
from about 15 to about 21 wt% magnesium and from at>out 55 to about 65 wt% chlorine. 

10 The invention described herein is illustrated, but not limited, by the following examples. 



Examples 1-38 

The solid catalyst employed in each of Examples 1-37 and Comparative Examples A-D was prepared by 
15 the procedure of Example 17 In the aforesaid Arzoumanidis et aL. U.S. Patent No. 4.866,022, except that the 
magnesium hydrocarbyt cart>onate solution was prepared by the following procedure. A mbcture of 153 grams 
of magnesium ethoxide, 276 milliliters of 2-ethyl-l-hexanoi and 1100 milliliters of toluene was introduced into 
a 2-liter Buchi reactor that had been purged with dry nitrogen. The mbcture was agitated at 450 revolutions per 
minute under 30 pounds per square inch gauge pressure of cart>on dioxide, and heated at 93°C for 3 hours. 
20 A solution having a total volume of 1 530 milliliters and containing 0.10 gram-equivalent of magnesium ethoxide 
per milliliter of solution was obtained, and was transferred to a 2-liter bottle. The high activity solid catalyst 
employed in Example 38 is the TK Catalyst Component (grade 200) commercially produced by Akzo Chemicals. 
Inc. 

Polymerizations of propylene in the presence of a catalyst system comprising one or the other of these 

25 solid catalysts were performed in a 2-liter batch reactor which had been purged with propylene. To start, approp- 
riate amounts of first a solution of 15 weight percent of triethyl aluminum, second and separately, a 0.1 molar 
solution of a silane in hexane, third and separately, 15 milligrams of the aforesaid solid catalyst, and, fourth 
and separately, 3-5 milliliters of hexane were added under a nitrogen blanket to a catalyst transfer tube. An 
appropriate amount of a solution of an ester external modifier in hexane was added to a second transfer tube. 

30 The catalyst transfer tube was sealed and attached to the purged reactor. The tube was opened, and its con- 
tents were flushed into the reactor with at>out 350 milliliters of hexane. The reactor contents were agitated and 
an appropriate amount of hydrogen was introduced to the reactor, and the ester external modifier was flushed 
into the reactor with at}out 350 milliliters of hexane. The reactor was pressurized to 90 pounds per square inch 
gauge with propylene, and heating of its contents was begun. When the temperature of the contents of the reac- 

35 tor reached eS.S^'C, the reactor was pressurized to, and maintained at, 160 pounds per square inch with pro- 
pylene. After a desired period of time measured from the time when the reaction temperature reached 71 °C 
the level of hydrogen in the reactor was either (a) decreased (in Examples 1-11, 18-33, 37 and 38 and Com- 
parative Examples A-D) by venting the reactor to a pressure of about 80-90 pounds per square inch gauge and, 
then repressurizing the reactor to 160 pounds per square inch gauge and continuing the reaction for another 

40 desired period of time, or (b) increased (in Examples 12-17 and 34-36) by adding additional hydrogen to the 
reactor and continuing the reaction for another desired period of time. Polymers were isolated by filtration of 
the slurry at room temperature and dried. 

. The experimental parameters and results of Examples 1-38 and Comparative Examples A-D are presented 
in Tables 1-4. Each of Examples 1-11, 18-33, 37 and 38 and Comparative Examples A-D was perfomned by 

45 reducing the hydrogen concentration from the first stage to the second stage, where in fact no hydrogen was 
added. Thus, in Tables 1-4, for such examples only the hydrogen added in the funst stage is presented, but for 
all other examples, the amount of hydrogen in grams added per gram of catalyst in each stage is indicated. 
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In Examples 34-36, the second stage in which hydrogen is employed at a relatively high level is performed 
in two steps or sub-stages, each of which are within and comprise the aforesaid "second stage" and which are 
indicated in Table 4 by "b" or "c" under the heading Time Ratio and H2 Added. The preceding or first stage in 
which hydrogen is employed at a relatively low level is perfonmed in a single step which Is indicated in Table 
5 4 by "a" in the same columns. In each of Examples 1-38 and Comparative Examples A-D. the total polymeri- 
zation time was 3 hours and the percentage of that total time for each stage is Indicated under the heading of 
Time Ratio. 

In Tables 1-4, under the head ing of "Silanes," DIBDMS means dtisobutyldimethoxysilane, DIPDMS means 
di-isopropyldimethoxysilane. and DTBDMS means dl-t-butyldimethoxysilane. Under the heading of "Ester,* 

10 EPT means ethyl-p-toluate, NDMC means 2,6-dimethylnaphthalene dicarboxylate, EPV means ethyl pivalate, 
TBB means t-butylbenzoate. DNBP means di-(n-butyl)phthalate. and MTBB means methyl-4-t-butyIben2oate. 
The composition of the catalyst system is indicated under the heading of AI/Si/E/Ti. which Is the ratio of the 
numt>er of moles of aluminum In the cocatalysl to the number of moles of the silane external modifier to the 
numberof moles of the ester external modifierto the number of moles of titanium in the solid supported catalyst - 

15 In the experimental results, C.M.F.M. is the compression-molded flexurai modulus In pounds per square 

inch. M.Pt. Is the melting point in °C, AHf is the heat of fusion In calories per gram, %m is the tacticity measured 
as described hereinabove and reported as a percent, Mw is the weight average molecular weight, the molecular 
weight distribution is indicated by Mw/Mn. which is the ratio of the weight average molecular weight to the number 
average molecular weight, MFR is the melt flow rate in grams per 10 minutes, I.M.F.M. is the injection molded 

20 flexurai modulus, and % Ext is the percent of the total polymer product that is extracted in a 3-hour extraction 
with boOing hexane, except in Examples 27-32 where a 6-hour extraction with boiling hexane was employed. 
In each of Examples 9, 1 1 and 17, the experimental results reported in Tables 1 and 2 were obtained for samples 
that were pellets formed from the composite powder product from the preceding example — that is, from 
Example 8, 10 and 16, respectively. 

25 Comparison of the results of Examples 12-17 and 34-38 with the results of Examples 1-11 and 18-33 Illus- 

trates that the objects of the present invention can be achieved regardless of whether the stage employing the 
high hydrogen level is performed before or after the stage employing the low hydrogen level. The results of 
Examples 34-36 illustrate that an increase or decrease in the hydrogen level from a first stage to a second stage 
can be achieved in a stepwise manner involving 2 or more smaller changes in the hydrogen level. Comparison 

30 of the results of Examples 18-20 and 25-26 illustrates that if the molecular weight distribution as indicated by 
M^/Mn does not reach the desired level, the desired degree of stiffness as indicated by the C.M.F.M. also may 
not be reached. The results of Examples 9. 1 1 and 17 illustrate that the improved stiffness of products formed 
by the method of this Invention are maintained even after pelletization for both compression- and injection-mol- 
ded products. The results of Example 38 illustrate that the improved stiffness of the product fonmed by the 

35 method of this invention is also achieved when another high activity solid catalyst component Is employed in 
the polymerization catalyst system. 

The low values for M^/M^ and C.M.F.M. in each of Examples 18 and 26 are the result of an insufficient 
degree of lowering the level of hydrogen from 1 1 .4 grams per gram of catalyst in the first stage to 3. grams of. 
hydrogen per gram of catalyst in the second stage. In all other cases where the second stage was at a relatively 

40 lower level than in the first stage, the level of hydrogen in the second stage was less than 2 and preferably less 
than one gram of hydrogen per gram of catalyst 

From the at>ove description, it is apparent that the objects of the present invention have been achieved. 
WhDe only certain emt>odiments have been set forth, altematlve embodiments and various modifications will 
be apparentfrom the above description to those skilled in the art These alternatives are considered equivalents 

45 and within the spirit and scope of the present invention. 



Claims 

A method for making a homopolymer of propylene or a copolymer of propylene with up to 20 mole percent 
of ethylene, having increased stiffness and a broadened, molecular weight distribution, comprising: 

polymerizing propylene or copolymerizing a mixture of propylene with up to about 20 mole percent 
of ehtylene in the presence of a high activity catalyst system and a silane and in the last two stages com- 
prising: 

(a) In one stage, producing a polymer or copolymer of propylene having a relatively high weight average 
molecular weight In the range of from about 350,000 to at>out 4,000,000 and comprising at least about 
5 weight percent of the total amount of final homopolymer or copolymer of propylene produced; and 

(b) in another stage, either after or prior to stage step (a), producing a polymer or copolymer of propylene 

21 
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having a relatively tow vsreight average molecular weight in the range of from about 50.000 to about 
340.000 and comprising at least about 10 weight percent of the total amount of final homopotymer or 
copolymer of propylene produced: 

wherein the weight average molecular weight of the final homopolymer or copolymer of propylene 
produced Is in the range of from about 150,000 to about 1,500.000, and the molecular weight distribution 
of the final homopolymer or copolymer of propylene produced is such that tAJhA^ is at least 6.0; 

wherein the products formed in steps (a) and (b) comprise at least at>out 50 weight percent of the 
total amount of final horrrapotymer or copolymer of propylene produced; 

wherein the aforesaid silane is Ri(R2))tSi (OR4)y(OR5)i. wherein R, and Rj are the same or different 
and are each isopropyl, isobutyl. t-butyl. isopentyt, t-pentyl, or neopentyl, phenyl, tolyl, naphthyl, or cyc- 
loGHR3)2ri:t-wherein-cylcoG-is-a-cydobutyircydopentylror-cyc!ohexylxydoallphatic "ri 
s 3 icon atom and R3 is a hydrogen or an alkyi group having from 1 to 5 carbon atoms and is a substituent 
to the cydoaliphatic ring and wherein n is 4. 5 or 6 when the cydoaliphatic ring Is cyclobutyl, cydopentyl 
or cydohexyl. respectively, wherein R4 and R^ are the same or different and are each methyl, isopropyl, 
see- or t-butyl, and wherein y Is 1 , 2 or 3, z Is 0 or 1 . y+z is 2 or 3, and x Is 3-(y+z); 

wherein a molecular weight control agent is employed In at least one of the stage of step (a) and 
the stage of step (b) in a suffident amount that a polymer or copolymer of propylene having a weight aver- 
age nralecular weight in the respective molecular weight for such stage is produced; and 

wherein the aforesaid catalyst system comprises a supported catalyst comprising a solid hydrocar- 
bon-insoluble composite of a titanium-containing component supported on a magnesium-containing conn- 
pound and a cocatalyst comprising a Group II or 111 metal alkyl. 

2. The method of Claim 1 wherein the polymerization or copolymerization is performed in the slurry phase 
and the slurry liquid comprises an alkane, cycloalkane, alkyl aromatic, halogenated or hydrogenated 
aromatic, a high molecular weight paraffin, or a mixture thereof. 

3. The method of Qaim 1 wherein the polymerization or copolymerization is performed in the gas phase. 

4. The method of any preceding daim wherein in each of the stages (a) and (b). the polymerization or 
copolymerization takes place in at least one reactor. 

5. The method of any preceding daim wherein the polymerization or copolymerization Is peri'ormed in two 
stages. 

6. The method of any preceding daim wherein the polymerization or copolymerization is performed in stage 
(b) prior to the polymerization or copolymerization In stage (a). 

7. The method of any of Claims 1 to 5 wherein the pdymerization or copolymerization is performed in stage 
(a) prior to the polymerization or copolynr>erization of stage (b). 

8. The method of any preceding daim wherein a molecular weight control agent is employed in stage (a). 

9. The method of any of aalms 1 to 8 wherein a molecular weight control agent is employed In step (b). 

10. The method of Claim 8 or Qaim 9 wherein the molecular weight control agent is hydrogen. 

11. The method of any preceding claim wherein in the formula of the silane, z is 0. y is 2, R4 is methyl or t-butyl. 
X is 1, Ri and R2 are the same or different and each are isopropyl, isobutyl, t-butyl, isopentyl, t-pentyl or 
neopentyl. 

12. The method of Claim 1 1 wherein the silane comprises diisopropyldimethoxysilane, diisobutyldimethoxysl- 
lane, t-butyl trimethoxysilane or di-t-butyldimethoxysilane. 

13. The method of any preceding daim wherein the catalyst system additionally comprises an organic acW 
ester as an extemal modifier. 

14. The method of Claim 13 wherein the organic add ester comprises an alkyl. alicydic. alkenyl, aryl, aikaryi 
or aralkyl mono-, di- or tri-ester of an aliphatic or aromatic carboxylic acid or of an alkyi, halo-, haloalkyt. 
hydroxy-, oxoalkyi-, aikoxy-, or aryloxy-substiluted aromatic carboxylic acid. 
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